Background: There are few published studies on Plasmodium falciparum genotypes in peripheral, placental and umbilical cord blood in areas characterised by unstable malaria transmission. Method: A cross-sectional study was conducted to investigate P. falciparum genotypes in matched peripheral, placental and umbilical cord blood in eastern Sudan. Thick blood smears and P. falciparum merozoite surface protein 1 (MSP1) and 2 (MSP2) genes as polymorphic markers in polymerase chain reactions were investigated in 3 kinds of samples of 153 pregnant women at delivery. Results: There was no significant difference in the prevalence of blood film-detected P. falciparum in which 5 (3.3%), 7 (4.6%) and 3 (2.0%) (P = 0.437) of the 153 samples were determined to be P. falciparum-positive by microscopy for maternal peripheral, placental and cord blood samples, respectively. Out of these 145 samples, 24 (16.6%), 39 (26.9%) and 24 (16.6%) (P = 0.039) of the peripheral, placental and cord samples, respectively, had submicroscopic parasitaemia (blood films were negative). There was no association between submicroscopic parasitaemia and age or parity.
Introduction
Malaria, especially plasmodium falciparum infection during pregnancy, is a major public health problem in sub-Saharan Africa, where it is the major cause of perinatal and infant deaths (Desai et al., 2007; Bader et al., 2010; Adam et al., 2011) . The sequestration of parasite-infected red blood cells in the placenta is the pathognomonic of malaria during pregnancy. Malarial parasites express a pregnancy-specific variant surface antigen (VAR2CSA) on the red blood cell surface, which is capable of binding to the chondroitin sulphate A in the placenta (Rogerson et al., 2007; Doritchamou et al., 2012) .
Previous studies on P. falciparum genotypes in the matched peripheral, placental and umbilical cord blood in different settings showed varied results. While some of these studies have shown a large overlap between parasites found in each of these compartments, others have suggested that only a subset of peripheral infections sequester in the placenta (Kassberger et al., 2002; Arango et al., 2012; Mayengue et al., 2004; Schleiermacher et al., 2002; Guitard et al., 2010; Cohee et al., 2016) .
Investigating the dynamics and genotypes of parasites in different settings is of importance for vaccine design. Malaria during pregnancy is one of the main causes of maternal perinatal morbidity and mortality in Sudan (Adam et al., 2005b; Adam et al., 2011; Mohammed et al., 2013) . There is no published data on P. falciparum genotypes in matched peripheral, placental and umbilical cord blood in Sudan.
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The current study was conducted to investigate P. falciparum genotypes in matched peripheral, placental and umbilical cord blood in eastern Sudan, which is characterised by unstable malaria transmission (Himeidan et al., 2005) .
Methods
A cross-sectional study was conducted at New Halfa Hospital in eastern Sudan during the post-rainy season (October) of 2014. The area is characterised by unstable malaria transmission, and P. falciparum is the main parasite species (Himeidan et al., 2005) .
After signing an informed consent, consecutive parturient women were approached to participate in the study. Women with hypertension, diabetes mellitus or any chronic illness were excluded from the study. A questionnaire in the local language was administered by a trained medical officer to gather medical/obstetric histories.
Five millilitres of blood were withdrawn from the placenta and umbilical cord and used for the measurement of haemoglobin and blood film for malaria; and three to five drops were spread on a filter paper for DNA extraction and polymerase chain reaction (PCR).
Microscopy
Giemsa-stained thick and thin blood films were examined with a 100 × objective to identify the presence/absence of malaria parasites. The blood films were considered negative if no parasites were detected in 100 oil immersion fields of a thick blood film. In the malaria-positive slides, parasite density was measured by counting the number of asexual parasites per 200 leukocytes, based on a mean count of 8,000 leukocytes per microlitre of blood.
2.2. Parasite DNA extraction and PCR P. falciparum DNA extraction and PCR assays were performed as previously described (Adam et al., 2005a; Elbashir et al., 2011; Mohammed et al., 2013) . In summary, following delivery, three drops of blood were collected onto a filter paper (Whatman Grade 3) from maternal peripheral blood, the maternal side of the placenta and the umbilical cord. These drop samples were then air-dried and stored in individual sterile plastic bags until the analyses, which were conducted in our lab in Khartoum, Sudan. The blood spots (approximately 25 μl/one-third of a spot) were punched out. The piece of filter paper was washed with distilled water and placed directly in a PCR reaction tube containing 25 μl of all the PCR reaction components. Quality control was assured by using a negative control sample with no template DNA and an internal positive control was used for the same purpose.
Genomic DNA was assayed by nested PCR for DNA from P. falciparum Article No~e00326 (Snounou et al., 1993a; Snounou et al., 1993b) . PCR assays were performed by two team members (OEF and MIE), who were both blinded to the clinical data of the study.
Ethics
The study received ethical clearance from the Ethical Committee at the Medical College of Bahri University in Bahri, Sudan.
Statistics
Data analysis was performed using SPSS. Data were presented as mean (SD), and the proportions were compared between the groups using X 2 . Logistic regression was performed where submicroscopic parasitaemia was the dependent variable and age, parity and the other variables were the independent variables. P < 0.05 was considered significant.
Results

General characteristics
The mean (SD) age and parity of the 153 enrolled women was 25.7 (6.5) years and 2.7 (2.5), respectively. Seventy (45.8%) of the 153 enrolled women were primiparous. The majority of the women were rural residents (75.2%), had < secondary educational levels (74.5%) and had no antenatal care (77.8%).
Approximately one-third (36.6%) of these women had used bed nets in the index pregnancy. Over half (58.2%) of the women had a history of malaria (unconfirmed) in the index pregnancy.
The mean (SD) of the maternal body mass index (BMI), haemoglobin and birth weight was 23.0 (3.9) kg/m 2 , 11.4 (1.8) g/dl and 3122.4 (538) g, respectively.
There was no significant difference in the prevalence of blood film-detected P. falciparum in the 153 collected blood samples, although 5 (3.3%), 7 (4.6%) and 3 (2.0%) (P = 0.437) were determined to be P. falciparum-positive by microscopy for maternal peripheral, placental and cord blood samples, respectively.
One hundred forty-five cases had blood films that were negative in all 3 compartments and were considered for submicroscopic parasitaemia. Out of these 145 cases, the prevalence of submicroscopic parasitaemia (blood films were negative) was significantly higher in the placenta, in which the prevalence was 24 (16.6%), 39 (26.9%) and 24 (16.6) (P = 0.039) in the peripheral, placental and cord samples, respectively.
Forty-five cases of submicroscopic parasitaemia were detected (in any of the three compartments). Only 16 (11.0%) cases of submicroscopic parasitaemia were Article No~e00326 detected in the peripheral, placenta, and cord samples. Submicroscopic parasitaemia was detected in 24 (16.6%) samples in both peripheral and placental samples.
Binary regression analysis showed no association between submicroscopic parasitaemia and age, parity, residence, antenatal care and use of bed nets (Table 1) .
Genotyping of the parasitaemia
Both MSP1 (MAD20, K1 and RO33) and MSP2 (3D7/IC1 and FC27) alleles were genotyped in 29, 46 and 27 of the peripheral, placental and cord samples, respectively (in samples that contained either microscopic or submicroscopic parasites, Table 2 ). and 6/29 (20.6%), 16/46 (32.6%) and 0 (0) (P < 0.001) of the peripheral, placental and cord samples, respectively. No MAD20 allele was detected in any of the compartments (Table 2) .
MSP1 genotyping
MSP2 genotyping
Eighteen (62.0%) of the peripheral, 30 (65.2%) of the placental and 4 (14.8%) (P < 0.001) of the cord samples had MSP2 genotypes. While the 3D7/IC1 allele was detected in 12 (41.3%), 30 (65.2%) and 4 (14.8%), P < 0.001 of the peripheral, placental and cord samples, respectively, the FC allele was only detected in the placental samples (6, 20.6%).
Thus, MSP1 alleles are predominant in the cord, while MSP2 alleles are predominant in the placental samples.
Multiplicity (more than one allele) of the infection was detected in 10 (34.4%), 27
(58.6%) and 3 (11.1%) (P < 0.001) of the peripheral, placental and cord samples, respectively. The multiplicity of the infection varied from 2 to 4, with a median of 1.
Discussion
The main findings of the current study were that in comparison with the peripheral (16.6%) and cord (16.6%) samples, placental samples had a significantly higher prevalence (26.9%) of submicroscopic P. falciparum infections and a significantly higher prevalence of multiplicity of P. falciparum infection. There was no association between submicroscopic parasitaemia and age or parity. We previously reported that (14.0%) and (27.6%) of the placentae investigated in eastern and central Sudan, respectively, had submicroscopic P. falciparum malaria infections (Kashif et al., 2013; Mohammed et al., 2013) . Supporting the results of the current study, both the latter studies as well as studies from other African settings (Mayengue et al., 2004) reported no association between age, parity and submicroscopic P. falciparum malaria infections. This is an area of unstable transmission (in the current study), and the observation of no differences in submicroscopic infection by age or gravidity suggest that women of all gravidities are at risk of infection during pregnancy. This is very likely due to the lack of exposure during pregnancy and the absent of gravidity dependent immunity.
The current study showed that RO33, K1 (MSP1) and 3D7/IC1 (MSP2) alleles were predominant, and the MAD20 (MSP1) allele was not detected in any of the samples. Previous reports have shown that 32 (80%) of the pregnant women with submicroscopic infections studied in eastern Sudan had the FC 27 allele (MSP2), 6 (15%) showed only the ICI allele and 2 (5%) showed both of these alleles (Adam et al., 2005a) . In Khartoum, the capital of Sudan, the distribution of MSP1 allelic families among pregnant women showed that the K1 allele represented 52.9% of cases, the MAD20 allele represented 44.7% and the RO33 represented 35.2% (Omer et al., 2011) .
The FC27/MSP 2 was the predominant allelic family reported from other African settings and might reflect the geographical variation of the parasite genotypes (Kassberger et al., 2002; Mayengue et al., 2004) .
In this study, multiplicity of the infection was detected in 10 (34.4%), 27 (58.6%) and 3(11.1%) (P < 0.001) of the peripheral, placental and cord samples,
respectively. This finding is characteristic of areas with unstable malaria transmission and has also been reported among pregnant women in Senegal (Schleiermacher et al., 2001 ).
Conclusion
Compared with the peripheral and cord samples, placental samples had a higher prevalence of submicroscopic parasitaemia. The MSP1 allele was predominant in the cord samples, while MSP2 was predominant in the placental samples, which had a significant higher multiplicity of the infection. The use of insecticide-treated bed nets might help to reduce infection, importantly diagnostic assessment including microscopy and rapid diagnostic tests should be practiced during antenatal care visit to allow prompt treatment in infected pregnant women. A combination of preventive and treatment measures might help to reduce submicroscopic infection in areas of unstable transmission.
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